EPEATED INVASIVE PROCEdures occur routinely in neonates who require intensive care, causing pain at a time when it is developmentally unexpected. 1 Neonates are more sensitive to pain than older infants, children, and adults, 2 and this hypersensitivity is exacerbated in preterm neonates.
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EPEATED INVASIVE PROCEdures occur routinely in neonates who require intensive care, causing pain at a time when it is developmentally unexpected. 1 Neonates are more sensitive to pain than older infants, children, and adults, 2 and this hypersensitivity is exacerbated in preterm neonates. 3 Multiple lines of evidence suggest that repeated and prolonged pain exposure alters their subsequent pain processing, long-term development, and behavior. 4, 5 It is essential, therefore, to prevent or treat pain in neonates. Numerous pharmacological and nonpharmacological treatments can alleviate procedural pain in neonates. 6 As a consequence, national 7 and international 6 evidencebased guidelines have been issued for preventing or treating neonatal pain and its adverse consequences. The burden of procedural pain in the neonatal intensive care unit (NICU) has been reported in previous singlecenter studies [8] [9] [10] [11] and a multicenter study. 12 The latter study was based on chart review and was not directly observational. Effective strategies to improve pain management in neonates require a better understanding of the epidemiology and management of procedural pain. We report epidemiological data on neonatal pain collected from a geographically defined region (the Paris region of France, Île-deFrance, which accounts for 20% of the country's population), which was based on the direct bedside observation of neonates.
METHODS

Study Centers
The EPIPPAIN study (Epidemiology of Procedural Pain in Neonates) was designedasaprospectiveobservationalstudy to collect around-the-clock bedside data on all painful or stressful procedures performed in neonates admitted to the participating units. All 14 tertiary care centers, NICUs and pediatric intensive care units (PICUs) in the Paris Region (land area of 12 012 square kilometers and 11.3 million inhabitants) were invited to participate and 13 accepted the invitation. Eight centers were university-affiliated hospitals and 5 were community hospitals, including 8 NICUs and 5 PICUs. All NICUs transferred surgical patients to the participating PICUs.
Medical and nurse coordinators were designated in each participating unit; an interactive multimedia compact disc (CD) was distributed to train and ensure the participation of all health care providers. This CD included the study protocol, a PowerPoint presentation about the study, and video presentations showing how to complete the study forms. Local coordinators presented this CD in each unit and copies were available so that the personnel had the opportunity to view it before or during the study.
All the participating units had developed their pain management protocols locally; no instructions were given to modify the standard of care for procedural pain management in neonates. The study protocol was reviewed by the local committee for the protection of human subjects. Because this was an observational study with no changes in the standard of care, the human subjects committee established that further approvals or parental consent were not required according to French law. The computerized data collection was approved by the French Data Protection Authority (Commission Nationale de l'Informatique et des Libertés).
Official demographic data were obtained from the National Institute for Statistics and Economic Studies and data on hospitalization from the Technical Hospitalization Information Agency.
Study Infants
During the first 14 days of admission to the participating units, prospective data were collected on all neonatal procedures causing pain, stress, or discomfort with the corresponding analgesic therapy. A 6-week data collection period for each unit was considered sufficient to study the practices of all rotating personnel and to minimize temporal changes in clinical practices. Inclusion criterion was neonatal admission to the unit during the recruitment period, including preterm neonates younger than 45 postconceptional weeks and term neonates younger than 28 days. There were no exclusion criteria for these neonates.
Demographic data, type, and duration of respiratory support, sedative and analgesic drugs administered concomitantly or preprocedure, and conditions related to each procedure (type, hour of the day, operator, parental presence) were collected. We also recorded repeat procedure attempts for procedures requiring more than 1 attempt before successful completion. This knowledge may help clinicians in developing analgesic approaches for these procedures as well as strategies to minimize the pain and stress following an initial failed attempt. Specific preprocedural analgesia included nonpharmacological (eg, sweet solutions, sucking) or pharmacological treatments (eg, single-or multipledrug doses).
Nursing and medical staff at the bedside recorded all procedures on a specific form in real time. Local study coordinators ensured that all procedures were recorded.Acustomizeddatacollectionform listed 24 common painful and stressful procedures and the participating staff could also list any other procedure that they considered painful or stressful. A policy statement of the American Academy of Pediatrics and Canadian Paediatric Society 13 clearly distinguishes painful and stressful procedures.
In our study, a procedure is defined as a medical, nursing, surgical, diagnostic, or therapeutic activity performed in the unit. Continuous therapies were not counted as procedures (eg, ventilation). Because the current definition of pain as "anunpleasantsensoryandemotionalexperience associated with actual or potential damage, or described in terms of such damage" 14 does not apply to neonates, 15 we chose a published empirical approach to define pain. This describes pain as an inherent quality of life that appears early in ontogeny to serve as a signaling system for tissue damage. 15 Thus, a procedure was considered painful if it invaded the neonate's bodily integrity, causing skin injury or mucosal injury from the introductionorremovalofforeignmaterialinto airway or digestive or urinary tract. Other procedures that were considered painful by clinicians at the bedside were also registered.
Stressful procedures were defined as those that mainly caused physical uneasiness or annoyance, or disturbed the existent equilibrium between the neonate and its environment. 1, 16 To establish the final classification of all recorded procedures, an experienced group of 15 NICU nurses and physicians estimated the presumed pain induced by procedures on a 0 to 100 scale at the end of data collection; all procedures with mean scores higher than 40/ 100 were considered painful.
If neonates were discharged from the units before 14 days, data collection was stopped on the day of discharge. A clinical research assistant visited each unit 2 to 3 times a week during the study period to assess recruitment of all patients by checking logbooks, to help with collection of demographic data, and to verify from the patients' charts that all procedures were documented on the study datasheets.
Data Analyses
Data were double entered into a relational database (created with EpiData Entry, version 3.0, Odense, Denmark) and analyzed with SPSS, version 14 for Windows, (SPSS Inc, Chicago, Illinois). Following descriptive and summary statistics, logistic regression analyses were used to explore the possible factors associated with the administration of analgesia. Two models were constructed to examine the relationships between the independent variables and 2 dependent variables (ie, use of specific preprocedural analgesia and the use of any analgesia during procedures). Variables correlated with the dependent variables (P Յ .2) or deemed clinically important were included in these logistic models, with stepwise backward elimination of the nonsignificant covariates. Independent variables included center, sex, gestational age, type of respiratory support, parental presence, severity of illness (assessed using the Clinical Risk Index for Babies score), the neonate's surgical status, day of hospitalization (day 1 vs day 2 to 14), time (day or night) of procedure, and category of procedure (ie, needle stick for vascular access, needle stick without vascular access, tracheal intubation, chest tube insertion and minor surgical procedures, other minor procedures, and tube insertion in natural cavities). Continuous analgesia was also included as a factor in the model for specific analgesia prior to procedure.
The fit of the logistic model was assessed using the Hosmer-Lemeshow goodness-of-fit test and the global test. The −2 log likelihood-ratio statistic was used to test that all regression parameters are 0. The models were characterized by the area under the receiver operating characteristic curve, with 95% confidence intervals (CIs; 0.5, no predictive value; 1.0, perfect prediction).
Results of regression analyses are presented as point estimate odds ratios (ORs) with 2-sided 95% CIs. The a priori level of statistical significance was PϽ .05. 
RESULTS
Between
Number and Type of Procedures
During the study period, neonates experienced 60 969 procedures on the first attempt and 11 546 procedures as supplemental attempts. The first 
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Procedures. Infants received specific analgesia for a median of 20% (IQR, 8%-36%) of the painful procedures performed during the study period. Of the 430 infants, 122 (28%) received specific analgesia for fewer than 10% of a median of 114 (IQR, 41-178) painfu procedures that they experienced during the study period. Of the 42 413 painful procedures, 907 (2.1%) were performed with pharmacological-only therapy, 7734 (18.2%) with nonpharmacologicalonly therapy, 164 (0.4%) with both, and 33 608 (79.2%) without specific preprocedural analgesia ( Table 2 ). The nonpharmacological interventions included administering a sweet solution 1478 times (3.5%), allowing nonnutritive sucking 4405 times (10.4%), admin- Table 2 and Table 3 .
Factors Associated With Analgesia Use. The use of analgesia varied greatly among centers; ranging from 4.8% to 49.6% for specific preprocedural analgesia, and from 25.8% to 85.8% for "some form of analgesia" during painful procedures. TABLE 4 shows analgesia treatment for painful procedures by center and type of intensive care unit.
The adjusted ORs with 95% CIs derived from logistic models for the use of analgesia during painful procedures are shown in TABLE 5. Multivariate logistic regression analysis showed that prematurity, parental presence during procedures, neonates undergoing surgery, daytime performance (7 AM to 6 PM), and day of hospitalization (2-14 days) were associated with greater use of specific preprocedural analgesia, whereas mechanical ventilation, noninvasive ventilation, the administration of nonspecific concurrent analgesia, and a higher Clinical Risk Index for Babies score were associated with less frequent use of specific preprocedural analgesia. The use of analgesia was also FIGURE 1 and FIGURE 2 show, respectively, the numbers of painful and stressful procedures performed during the whole study period according to gestational age at birth. FIGURE 3 shows the number of painful procedures performed during each day of hospitalization. Regarding respiratory support, 32 436 of 60 969 procedures (53.2%) were performed while neonates were receiving conventional mechanical ventilation; 1440 (2.4%), highfrequency ventilation; 14 624 (24%), noninvasive ventilation; 239 (0.4%), extracorporeal membrane oxygenation; and 12 230 (20.1%), no respiratory support. Of the 60 969 procedures, only 3574 (5.9%) were performed in the presence of parents. Anxiolytics or sedatives were used prior to procedures in 7 (Ͻ0.1%) of the 18 556 stressful procedures and as a continuous infusion in 1434 (7.7%) of stressful procedures. The maximum numbers of painful procedures were high; for instance, one 26-week-old infant had 95 heel sticks, one 32-week-old infant had 153 tracheal aspirations, and a 37-weekold infant underwent 132 nasal aspirations.
Number of Attempts
The 11 546 supplemental attempts performed during procedures included 10 366 for painful procedures and 1180 for stressful procedures. TABLE 6 presents the total (first and supplemental) number of attempts performed for the most common painful procedures. Some painful procedures needed as many as 10 to 15 attempts for completion.
COMMENT
To our knowledge, this is the first prospective multicenter study in a geographically defined population that documents the epidemiology of neonatal painful and stressful procedures from data obtained at the bedside in real time around-the-clock. Neonates in this study were admitted to tertiary care centers serving a population of 11.3 million people of the largest region of France. The participation of 13 of 14 centers in this region, the uniformity of data collection at all centers, and 100% patient inclusion during the study period ensure that the study cohort was representative of the neonatal population requiring intensive care in the Paris region. The study cohort may also closely represent the corresponding neonatal population of all France although the admission rate to intensive care units was slightly lower in the whole country (2.6% vs 2.1% of births, respectively).
This regional study shows that neonates undergo numerous procedures that have been associated with pain and stress during the first 14 days of intensive care, that the frequency of painful procedures does not markedly decrease during the ICU stay, that some common procedures require 4 or more attempts to be terminated in almost one-fifth of neonates, and that many of the documented painful procedures were not accompanied by analgesia. The 430 neonates requiring intensive care experienced procedures causing pain, stress, or discomfort very frequently, with 60 969 first-attempt procedures and 11 546 repeat-attempt procedures occurring in a mean duration of 8.4 days. Of note, 126 neonates were still hospitalized when data collection was stopped on the 14th day after admission and thus no further data on procedures performed on these neonates were collected after this day. The maximum number of procedures counted per neonate were high, 613 for all procedures and 364 for only painful procedures.
Three single-center studies 8, 10, 11 have reported the total number of procedures performed during the entire NICU stay. From England, Barker and Rutter 11 reported a mean of 60 procedures per patient performed in 54 neonates. From the United States, Porter and An- Abbreviations: NICU, neonatal intensive care unit; PICU, pediatric intensive care unit. Unadjusted comparisons by 2 test: All NICU vs All PICU: specific analgesia prior to procedure (P = .01), some form of analgesia (P Ͻ .001). All centers among them: specific analgesia prior to procedure (P Ͻ .001), some form of analgesia (P Ͻ .001). a Some form of analgesia refers to the use of specific analgesia and/or non-specific concurrent continuous analgesia. In our study, the mean number of painful and painful plus stressful procedures per day were 12 and 16, respectively; some neonates experiencing as many as 62 procedures per day. The comparison of the types of painful procedures recorded in our study can be made with 3 9,11,12 of these 5 studies. Of the 20 most common painful procedures documented in our study (representing 42 090 of 42 413 (99.2%) of painful procedures, Table 2 ), 13 were also documented in the study by Simons et al, 9 8 in the study by Barker and Rutter, 11 and 6 in the study by Johnston et al. 12 The 13 types of painful procedures of our study that were also documented in the study by Simon et al 9 represented 40 369 of our 42 413 painful procedures. The procedures documented in the other 2 studies represented a lower number of painful procedures than what was documented in our study; this was mainly because those studies did not include all the procedures included in our data collection. In contrast to Simons et al, 9 we found that the number of procedures did not markedly decrease during the NICU stay. As shown in Figure 3 , the number of painful procedures per neonate does not markedly change between the eighth and 14th days of hospitalization; 25% of neonates still hospitalized on the 14th day of admission had 14 or more painful procedures performed on that day.
NEONATES AND PAINFUL PROCEDURES IN THE ICU
Advances in neonatal care in recent decades with increased survival of immature and sick neonates have led to an increased number of invasive procedures that may cause pain in these vulnerable neonates. The prevention of pain in critically ill neonates is not only an ethical obligation, but it also averts immediate and long-term adverse consequences. 13 Painful stimulation elic- Abbreviation: CI, confidence interval; NA, not applicable. a Some form of analgesia refers to the use of specific analgesia, nonspecific concurrent continuous analgesia, or both. b During a procedure. c Infusion of nonspecific concurrent analgesia during procedure. d Odds ratio per point increase in Clinical Risk Index for Babies score, which is a measure of illness severity in neonates. It consists of 6 items collected in the first 12 hours after birth. It ranges from 0 to 23 for which higher scores indicate higher clinical risk. e Area with 95% CI (0.5, no predictive value; 1.0, perfect prediction).
its graded physiologic and behavioral responses in newborns to increasingly invasive procedures, 17 activation of the somatosensory cortex, 18, 19, 20 , and neuroendocrine stress responses. 21 Repetitive pain leads to altered pain sensitivity 2 2 with dampened behavioral responses to pain reflecting interrupted development [23] [24] [25] or height- 24   4   25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  All  40  41  42   9  2 3  2 8  3 2  2 3  4 0  3 9  2 9  2 0  2 5  2 8  1 1  3 0  2 2  2 2  4 3 0  23  21  1 Each circle represents a participating neonate; each blue bar the median value; error bars, values that are less than 1.5 box lengths from the edge of the box; data markers above the upper error bar, outliers; and the boxes, 25th and 75th percentiles. a Represents the number of neonates contibuting data at each gestational age. 24   4   25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  All  40  41  42   9  2 3  2 8  3 2  2 3  4 0  3 9  2 9  2 0  2 5  2 8  1 1  3 0  2 2  2 2  4 3 0  23  21  1 No. of Neonates a
Each circle represents a participating neonate; each blue bar the median value; error bars, values that are less than 1.5 box lengths from the edge of the box; data markers above the upper error bar, outliers; and the boxes, 25th and 75th percentiles. a Represents the number of neonates contibuting data at each gestational age.
©2008 American Medical Association. All rights reserved. ened peripheral sensitivity. 3, 5, 26 Altered excitability may cause innocuous tactile stimuli (eg, routine handling, diaper changes, bathing) to be perceived as noxious or painful. 27, 28 Grunau et al 29 found greater reactivity of preterm infants to endotracheal suctioning following more pain exposures on the previous day. Thus, strategies to reduce the number of procedures in neonates are needed urgently. The American Academy of Pediatrics recently emphasized the need to incorporate a principle of minimizing the number of painful disruptions in neonatal care protocols. 13 Such strategies would aim at bundling interventions, eliminating unnecessary laboratory or radiographic procedures, using transcutaneous measurements when possible, and minimizing the number of procedures performed after failed attempts. 13 This last point is of particular importance and becomes a quality issue in the delivery of neonatal intensive care. The burden of procedural pain is greatly aggravated by multiple attempts in sick neonates. In our study, some common procedures (such as insertions of intravenous cannulas, central catheters, or peripheral arterial lines) required 4 or more attempts in more than 18% of neonates. Procedural techniques must be modified in order to prevent neonatal pain. 30 Studies must be designed to determine to what extent common painful procedures are necessary and to what degree it is possible to avoid pain, stress, and discomfort while appropriately medically managing the neonates. There is a paucity of research in this area. For example, endotracheal suctioning could be performed on individual need rather than a routine scheduled basis. In one study, when suction frequency was changed from every 6 to 12 hours during the initial ventilation of preterm neonates with respiratory distress syndrome, there was no increase in secretions or occluded tubes. 31 Overall, only 20.8% of painful procedures were carried out with specific analgesia before the procedure. This specific analgesia varied according to the type of Procedures were counted per calendar day and no correction was made for the actual stay length of the first or last day of study. Circles represent outliers (values that are more than 1.5 box lengths from the edge of the box), and error bars, values less than 1.5 interquartile range from the end of the box. Numbers were calculated only with neonates present at each day. a The number of neonates contributing data at each day of hospitalization. b Eight neonates were discharged during the 14th day of hospitalization, thus 126 were hospitalized for more than 14 days. 13 intensive care units should implementeffectivepain-preventionprograms, which include pharmacological and nonpharmacological therapies for preventing the pain induced by routine minor and major procedures. Analgesictreatmentsshouldbetailored to the invasiveness or presumed pain intensityoftheprocedure.Forminorprocedures shown in Table 2 , the combination of oral sucrose/glucose with othernonpharmacologicalpain-reduction methods(eg,nonnutrivesucking)should be sufficient. For major procedures, while generalnonpharmacologicalmeasuresstill apply, systemic analgesia with a rapidly acting opiate such as fentanyl is usually necessary.Topicalanestheticscanbeused to reduce pain associated with needle puncturesbutareineffectiveforheel-stick pain. We also found that 34.2% of painful procedures were carried out while neonates were receiving nonspecific concurrent analgesia (mostly opioids for mechanical ventilation). Opioids have been increasingly used for sedation and analgesia in preterm neonates breathing with the aid of mechanical ventilation. 32 The analgesic effect of morphine on the acute paincausedbyinvasiveproceduresinpreterm neonates remains controversial. Although initial studies showed promising results, 33 recent studies have found nonsignificantanalgesicefficacy. 34, 35 Thus,the administration of continuous morphine infusions to preterm neonates does not eliminate the need for other analgesic approaches (eg, sucrose) that are effective against acute pain.
35 During the study period, 303 neonates received mechanical ventilation(175exclusivelyand128either before or after noninvasive ventilation). Of these, 211 (69.3%) received continuous sedative or analgesic infusions. The observedproportionseemshighgiventhe conclusions of a recent systematic analysis of published clinical trials stating that more research in mechanically ventilated preterm and full-term neonates is needed before the routine management of analgesia and sedation can be placed on a scientific footing. 32 At the time of our study, French guidelines for the use of continuous sedation and analgesia in neonates breathing with the aid of a ventilator or for reducing painful procedures were not available.
We found that 0.7% of stressful procedures were performed with specific pharmacological analgesia administered prior to procedure. The administration of analgesic drugs for stressful, nonpainful, procedures is not adequate. All analgesic agents have adverse effects that will certainly outweigh benefits in this context. When using opioids, for instance, clinicians should be aware of adverse effects such as respiratory depression, decreased gastrointestinal motility, hypotension, urinary retention, and muscle rigidity. 6 Therapeutic but also toxic effects of analgesics and anesthetics in the immature brain 36 must be considered. Long-term effects of analgesic or anesthetic drugs depend on whether they are given in the presence or absence of painful stimulation. 36 Thus, the effects of surgery without anesthesia as well as the effects of anesthesia without surgery may be detrimental for the developing brain. 36 The logistic regression analyses showed that many factors were associated with the use of analgesia. Mechanical ventilation, noninvasive ventilation and the administration of nonspecific concurrent analgesia were associated with less frequent use of specific preprocedural analgesia. Regarding concurrent analgesia, it is likely that when neonates are receiving continuous infusions of analgesics, clinicians are less prone to use preprocedural analgesia. However, this view has been challenged recently. 34, 35 The independent factor that showed the strongest association with the use of analgesia was the category of procedure, with greater analgesia being used for more invasive procedures.
Interpretation of these results should acknowledge several limitations. First, although no instructions were given to health personnel to modify their standard of care for procedural pain, we cannot exclude that the mere fact of gathering information could have altered practices. Data collection extending over a relatively long period of 6 weeks may have minimized this tendency. Second, procedure-specific analgesia was sometimes given for a bundled intervention including many procedures. In this situation, it was not possible to know if one particular procedure had elicited the specific analgesia. For this analysis, we considered that all procedures of such a bundled intervention were performed with specific analgesia. Both of these biases tend to enhance the significance of our findings. Third, although local study coordinators ensured that all procedures were recorded, and a visiting research assistant ascertained that the recordings were consistent with the patients' medical records, we cannot exclude the possibility that some details such as analgesia use or number of attempts recorded in real time were inaccurate. This potential limitation is minimal, however, because there was a 100% inclusion rate and no inaccuracy was found during cross-checking. Finally, we did not measure pain directly during each one of the recorded procedures. This would have allowed us to classify painful and stressful procedures in a more objective manner. We considered that assessing pain for all procedures in real time and around the clock would heavily increase the workload of health care providers with the risk of poor compliance.
The number of painful procedures is so high that the first step to improve procedural pain management must sig-NEONATES AND PAINFUL PROCEDURES IN THE ICU ©2008 American Medical Association. All rights reserved. nificantly reduce these numbers. The knowledge that some vulnerable neonates underwent 153 tracheal aspirations or 95 heel sticks in a two-week period should elicit a thoughtful and relevant analysis on the necessity and the risk-benefit ratio of our clinical practices.
